This article analyzes the influence of Internet and e-commerce diffusion in the development of European countries. Conclusions about the faster spread of Internet technologies in the modern world, especially in developing countries, due to the achievement of so-called "saturation points" by developed countries of the world (e-commerce markets in Ukraine and Poland are at the stage of formation and active growth) have been made. The purpose of this article is to construct an economic and mathematical toolkit for investigating the impact of the Internet and e-commerce on indicators of economic development of the country. The methods of scientific analysis, description and synthesis, modeling and statistical analysis are used in the research. Models of technologies diffusion have been considered, and as a basis, the distribution of the Internet in Poland, Austria and Ukraine is forecasted.
INTRODUCTION
Due to the development of modern globalized society, the Internet has become a vital stimulus for progress not only in the world economy, but also in other spheres of human activity. Nowadays, it's difficult to find an area where this technology is not being used. In industry, for example, the Internet is used not only for the analysis of raw materials stocks, components, finished products, but also for marketing research, forecasting the demand for different types of products, finding new prospective partners, etc. Accounting transactions of firms are also based on Internet usage. The effectiveness of the public administration sector's activity largely depends on the level of interaction between households, firms and other sectors of the economy. It is clear
LITERATURE REVIEW
The research of technology distribution modeling has been developing since the late 1960s. In most cases, they were based on the use of logistic equations varieties that differed in the inclusion of additional factors that characterized the peculiarities of the spread of specific technologies. Niebel, 2018) . In the work of Gort and Klepper (1982) , the diffusion has been considered to "spread among a significant number of manufacturers involved in the manufacturing of a new product". The number of the Internet users is one of the indicators of inclusion to the consumption of a new product. Rogers emphasizes that "diffusion is a process in which innovation spreads over certain channels over time to members of the social system" (Rogers, 2003) . Nowadays, this definition is generally accepted and it identifies four main elements: innovation, communication channels, time, and social system.
In the work of Pohjola (2003) , the analysis of investments into information and communication technologies of 49 countries for the period 1993-2000 was carried out. In the paper of Chinn and Fairlie (2007) , based on data from 161 countries for the period 1999-2001, the distribution and usage of personal computers and the Internet was Internet diffusion models have been researched in many works devoted to developing countries. For example, in the work of Chong and Micco (2003) , researchers evaluated Internet distribution in Latin America and concluded that Latin American countries had the advantage of lower service cost and could easily catch up with technology leaders, despite its late distribution. In another work (Beilock & Dimitrova, 2003) , it was proven that income per person is one of the most important factors determining the speed of Internet technology distribution.
However, in our opinion, it is not necessary to link the Internet distribution only with economic welfare. An important factor is also economic freedom, especially in low-income countries. The integral elements of the development of high technologies in the modern world are property rights protection, development of competition, liberal tax legislation, developed labor markets, democracy, etc. (Matthews, 2018) . While on the contrary, economic secrecy and authoritarianism are inherent in low-income countries (Dlugopolskyi & Zhukovska, 2010; Bergh et al., 2016) .
For example, in certain African countries, where it was possible to obtain data of Internet traffic cost (see Table 1 ), we may analyze the link between the cost of the Internet and GDP per person, as well as the cost of the Internet and the Index of Economic Freedom.
As shown in Figure 1 , there is an inverse and quite insignificant link the between the cost of the Internet and economic welfare in African countries. Figure 2 indicates a direct but also insignificant link between the cost of Internet and the Index of Economic Freedom. 
RESEARCH METHODOLOGY
The article uses data of International Telecommunication Union (2018), which distinguishes both real and potential Internet users. This change in population is associated with potential consumers, since the number of Internet users is most often used in terms of population. This article uses the classification of countries according to the World Bank Country Classification, which, since 2005, has ranked countries by GDP per capita into four groups:
1) low-income; 2) lower-middle-income; 3) upper-middle-income; 4) high-income. 
RESULTS
The number of Internet users is increasing every year. In 2017, the number of the worldwide network users increased by 6% and amounted to 4 billion people, or 53% of the Earth's population (according to the data of the UN, in 2017, the world's population was more than 7.6 billion people). However, Internet diffusion is still quite heterogeneous in terms of countries and continents. So, if in 1997 the number of Internet users in the USA was 22%, and in 2004 it had already increased to 63%, then in China in the same period the increase was only from 0.03% to 7.2%, in Tanzania The Internet is the main base for the emergence and rapid development of e-commerce in the world and Ukraine. That is why the e-commerce growth rate largely depends on the speed of Internet distribution. As with any other technology, the process of Internet distribution can be described as a diffusion phenomenon, and its features and pat- terns may be reflected through a technology diffusion model.
In general, the model often used to describe the diffusion of technologies has the following form (Dubinina, 2015) :
where N(t) is the accumulated sum of all those who accepted the technology by the time t, N* is the total number of potential consumers of technology, g(t, N(t)) is the probability of adopting the technology.
Different models are distinguished by assumptions that the authors define concerning to the function g(t, N(t)). In general, it is assumed that it is a linear function:
It is usually considered that the external factors which influence the speed of technological adoption are determined by the individuals' need in innovations and levels of marketing and advertising links, and the term p(N*-N(t)) corresponds to this. Internal factors are caused by the links and contacts between the active users of the technology and its potential customers, as a result of which information about the technology is transmitted, and the term In the technology distribution model proposed in the work of Bass (1969) , it was assumed that an individual's decision to use technology at time t depended on the number of previous customers taking into account the innovation and imitation effect:
where N* is a market potential, N(t) -the total number of those who accepted the technology at time t, p -the coefficient of innovation, q -the coefficient of imitation, () / n t dN dt = -the number of those who accepted the technology at time t.
For such a model, total sales on technology at time t are determined by the formula: 
In the Bass's model, the time of the sales peak is defined as:
The total sales at the peak of sales are calculated as follows:
Most of the works devoted to the Internet distribution use the S-curve to describe the diffusion of technologies. It is necessary to investigate data from the very beginning of technology in order to get the most accurate description of the distribution process.
In the work (Dubinina, 2015) , this model was used to assess the Internet distribution in countries, divided into three groups by the population's income level.
The data about the Internet and broadband Internet access distribution in several countries was used from the World Bank's official website for the period 1990-2015 (World Bank, 2015). The basis of these calculations was a discrepancy version of the Bass model in the assumption that for one year
which is presented in the formula: 
where N* is the total number of potential users of the technology; N(t) is the cumulative sum of all users of technology at time t; p -the coefficient of innovation; q -the coefficient of imitation; n(t) -the growth of the number of the technology users in the period [t-1, t].
The estimation of the model's parameters for the considered period is given in Table 2 .
As it was confirmed in the work of Dubinina (2015) , in the low-income countries, the process of Internet diffusion began later. If in the first group of countries Internet users averaged 0.23 per 100 people of the population in 1990, then for the second group the distribution process began in 1993, and for the third one -only in 1997. While the countries of the first group have passed the peak of development of this technology, and the process of its spread has slowed down approaching the socalled "saturation point", then the third group was characterized by the continuation of growth. The imitation coefficient value (q) is the highest of the groups considered, and the innovation coefficient (p) is the lowest one here. The forecast for the Internet distribution for these groups of countries with preservation of existing trends is represented in Figure 3 .
Similarly, the technology of broadband Internet access in the above-mentioned groups of countries is developing (see Table 2 ). One of the differences in the distribution of this technology is the lack of a large time delay at the beginning of its distribution in countries of second and third groups, when comparing to the first group. In general, as well as for Internet diffusion, group 3 received the lowest innovation p and the highest imitation coefficients q.
However, according to Dubinina (2015) , the degree of Internet distribution within a particular group to a large extent depends on the economic development of each individual country. Thus, among countries in group 2, the lowest value of Group 1 Group 2 Group 3 the parameter N*, which estimates the total number of potential technology users (market potential), is obtained for India, which, according to the World Bank, is in the group of countries with an income below the average (see Table 3 ).
Groups of countries

Diffusion of Internet
Among the countries with average development, the lowest indicator of market potential for Internet and broadband Internet access distribution has been obtained for India, while the highest market potential and the highest innovation rate are for China. Undeniably, the speed of Internet distribution and the number of Internet users directly affects the development of e-business and the consumers' ability to buy products and services online. Therefore, it is relevant to determine the pace of development of this technology in Ukraine comparing to other European countries (the results of Poland and Austria). Such a choice of countries is caused by their territorial similarities -all three countries are situated in Europe, where there is mostly plain terrain and they are located in close proximity to one another, and also have similar indicators of population per meter square of the country's territory (in 2017, the density of the population in Ukraine was 74 persons/ m 2 , in Poland -123 persons/m 2 , in Austria -98 persons/m 2 ) (Wikipedia, 2018) .
The basis for the calculations was the difference version of the Bass model, which is given in formula 7. The study used the annual data on the number of Internet users in Ukraine, Poland and Austria in thousands of people, the growth rate of Internet users for each year was calculated. Using the model 7, we can obtain the model of Internet technology diffusion for each country, the evaluation of which is given in Table 4 . Thus, analyzing the results of the modeling, it should be mentioned that the process of active Internet development in Ukraine began later in comparison to Poland and Austria -only in 1996 (in Poland and Austria -in 1992). The coefficient of imitation in Ukraine is the highest (0.14), and the innovation coefficient is the lowest (0.004), which indicates continuation of the active increase in the number of Internet users in the country and distribution of this technology. Austria as a country with a higher level of technological development at this stage also has the highest rates of Internet distribution and e-commerce development. That is why the rate of potential Internet users here is the largest one (87 per 100 people). Additionally, it should be noted that the growth rates of the development of Internet technology in Poland and Austria are slowing down every year, as their technology markets are closer to the point of full saturation when comparing to Ukraine. If the trends that currently exist in these countries are saved, then it is possible to can get a forecast for the spread of Internet technology by 2025 (see Figure 4 ).
Thus, it can be argued that Austria has the highest potential for Internet diffusion among the countries accepted for comparison -it is a country with a high level of technological development and the highest rate of the Internet penetration (85% of the total population of the country in 2017). Poland takes the second position among the three countries and also has significant potential for the development in this direction. Ukraine, which does not have technological development indicators yet, in comparison to its two European neighbors, however, it is still ahead of them for the growth rate of Internet users, and thus has all chances to catch up with Austria and Poland in the near future.
CONCLUSION
The pace of Internet technology spread has a significant impact on the development of e-commerce, and Internet development, in turn, depends on the level of development of the country. It has been found that the pace of Internet technology and broadband Internet access spread is a lot higher in low-developed countries due to the later beginning of the diffusion process, while in the high-income countries the peak of Internet development has passed and the technology spread has slowed down, approaching the "point of saturation".
Taking into account the results of modeling, we consider that the spread of Internet technologies undoubtedly contributes towards the development of e-commerce in Austria, Poland and Ukraine. Ukraine has significant potential for accelerating the spread of Internet and e-business. The processes of decentralization associated with the creation of united territorial communities in Ukraine only accelerate the spread of broadband Internet access, since each united community must be provided with a connection that requires joint efforts of telecommunication operators and authorities of different levels of government. 
